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FIG. 7

Syntax No. of bits | Mnemonic

TS program map section() {
table id 8 uimsbf
section syntax_indicator 1 bslbf
0" 1 bslbf
reserved 2 bslbf
section length 12 uimsbf
program_number 16 uimsbf
reserved 2 bslbf
version number 5 uimsbf
current next_indicator 1 bslbf
section number 8 uimsbf
last_section number 8 uimsbf
reserved 3 bslbf
PCR PID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf

for (i=0; i<N; i++) {

}

for (i=0; i<N; i++) {
stream_type
reserved
clementary PID

reserved
ES info length
for (1=0; i<N2; i++) {

}

CRC 32

UHDTV _service_combine_descriptor()

uimsbf
bslbf
uimsbf

bslbf
uimsbf

UHDTV sub_stream_descriptor()

32

rpchof
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FIG. 8

Syntax No. of bits | Format
UHDTV sub _stream_descriptor () {
descriptor tag 8 uimsbf
descriptor_length 8 uimsbf
sub_stream ID 16 uimsbf
sub stream type 8 uimsbf
sub_video_grid hor 4 uimsbf
sub_video_grid_ver 4 uimsbf
if (sub_stream_type=0x01 || sub_stream_type=0x03) {
residual_sub_stream_ID 16 uimsbf
}
if (sub_stream_type=0x04) {
associated sub stream ID 16 uimsbf
}
}
FIG. 9
sub stream type Meaning
0x00 HD compatible, complete sub-video component (configuring a sub-video. Complete
sub-video can be acquired when the element is decoded and can be viewed
through the HD receiver.)
0x01 HD compatible video component, complete sub-video (configuring a sub-video.
Additional delta signal is needed for reconstruction of UHD video. The stream can
be combined with the delta signal into a video viewable through HD receiver.)
0x02 Non-HD compatible, complete sub-video component (Complete sub-video can be
acquired when the element is decoded. However, exclusively outputting the stream
to view the video is not recommended.)
0x03 Non-HD compatible video component, complete sub-video (The stream can be
combined with a delta signal into a sub-video of UHD video, but exclusively
outputting the result of combination to view the video is not recommended.)
0x04 Residual signal for sub-video component (Signal provided as delta signal for
other sub-video component to output UHD video.)
0x05 Stream configured with multiple sub-videos
0x06 Compatible with 3840 x 2160 (4K UHDTV)
0x07 ~ OxFF Reserved
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FIG. 11

Syntax No. ofbits |  Format
UHDTV _service_combine_descriptor () {
descriptor tag 8 uimsbf
descriptor length 8 vimsbf
original UHD resolution 2 uimsbf
UHD sub_service type 3 uimsbf
reserved 3 "y
num _linked media 8 uimsbf
for (i=0; i<num_linked media; i++) {
linked media_type 2 vimsbf
linked_media_sync_type 3 uimsbf
reserved 3 1
if (linked media type ==0) {
reserved 5 1111
linked UHD sub service type 3 uimsbf
associated program TSID 16 vimsbf
associated service original network id 16 uimsbf
associated service id 16 uimsbf
}
else if (linked media type==1) {
reserved 5 "1y
linked UHD sub service type 3 uimsbf
internet_linkage information ()
}
}
}
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FIG. 12

UHD sub service type Meaning
Current service does not include a stream which can be exclusively output
000 (Only non-compatible streams are present. Additional data needs to be received
through another service or medium in addition to the data provided from the
current service)

An HD compatible stream is included in the current UHD service, but a 4K UHD or
8K UHD service is not exclusively supportable. UHD broadcast can be supported only

001 when additional data is received through another service or medium in addition to
the data provided from the current service.
A 4K UHD compatible stream is included in the current UHD service, but a HD or

010 8K UHD service is not exclusively supportable. UHD broadcast can be supported only
when additional data is received through another service or medium in addition to
the data provided from the current service.
All streams needed to support the original UHD broadcast are included in the current

011 UHD service (original UHD broadcast refers to a UHD broadcast corresponding to the
value of the original UHD _resolution).

100 Reserved

101 Reserved

110 Reserved

111 Reserved




U.S. Patent

Aug. 18, 2015 Sheet 11 of 19

US 9,113,020 B2

FIG. 13
UHD resolution
00 3840 x 2160 (4K-UHDTV)
01 7680 x 4320 (8K-HUDTV)
10 reserved
11 reserved
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FIG. 14

Field Meaning

000 Only synchronous UHD delivery is possible for the linked UHD sub-service.

Only asynchronous UHD delivery is possible for the linked UHD sub-service. The UHD

001 sub-service referenced by linked information (associated service TSID, associated
service original network id, associated service id, and internet linkage
internet_linkage information) is delivered afterwards.

Only asynchronous UHD delivery is possible for the linked UHD sub-service. The UHD

010 sub-service referenced by linked information ((associated_service TSID, associated |
service_original network id, associated service id, and internet linkage
information) was previously delivered.

Both synchronous and asynchronous UHD deliveries are possible for the linked UHD

011 sub-service. The UHD sub-service referenced by linked information ((associated
service_TSID, associated service original network id, associated_service id,

and internet_linkage information) is re-delivered afterwards and it is simultaneously
delivered with current event as well.

Both synchronous and asynchronous UHD deliveries are possible for the linked UHD

100 sub-service. The UHD sub-service referenced by linked information ((associated
service TSID, associated service original network id, associated service id,
and internet _linkage information) was already delivered and it is simultaneously
delivered with current event as well.
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FIG. 15
Syntax No. ofbits ~ Format
user data registered itu t t35() {
itu t t35 country code 8 bslbf
itu_t t35 provider code 16 bslbf
32 bsIbf
Cuser_structure()>
}
\—> user data identifier = 0x4741 3934
Syntax No. ofbits|  Format
ATSC user data() {
user_data type code 8 uimsbf
T Gl type STICIR TS
} \
) O Ifuser data type code=0x1B, it can be
UHD sub_stream_info () @qm that the content of‘user._data_type_structure
indicates UHD_subsampling_info.
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FIG. 16

sei_message( ) { C | Descriptor

payloadType = 0

while(next bits( 8 )==0xFF ) }
ff byte /* equal to Oxff */ 5 f(8)
payloadType += 255

}
last payload type byte 5 u(8)
< payloadTypet> last_payload_type byte
payloadSize = 0
while(next bits( 8 ) == 0xFF ) } 5 f(8)
ff byte /* equal to OXFF */
payloadSize += 255

}

last payload size byte 5 u(8)
payloadSize += last payload size byte

sei_payload( payloadType, payloadSize) 5

sei_payload (payloadType, payloadSize) c Format
iR loadType=3T>
UHD sub stream_info (payloadSize ) 5
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FIG. 17
Syntax C Format
UHD sub stream_info (payloadSize ) {
sub_stream ID 5 u(16)
sub_stream_type 5 u(8)
sub video grid hor 5 u(4)
sub video grid ver 5 u(4)
if (sub_stream type=0x01) {
residual sub stream ID 5 u(16)
}
if (sub_stream_type=0x02) {
associated sub stream ID 5 u(16)
}
}
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FIG. 18
Stream_content | Component_type Meaning

0x05 0x90 H.264/AVC video, 4K UHD, 50Hz (25Hz), 16:9

0x05 0x91 H.264/AVC video, 4K UHD, 60Hz (30Hz), 16:9

0x05 0x92 H.264/AVC video, 8K UHD, 50Hz (25Hz), 16:9

0x05 0x93 H.264/AVC video, 8K UHD, 60Hz (30Hz), 16:9

0x05 0x94 H.264/AVC video, part of 4K UHD, 50Hz (25Hz), 16:9

0x05 0x95 H.264/AVC video, part of 4K UHD, 60Hz (30Hz), 16:9

0x05 0x96 H.264/AVC video, part of 8K UHD, 50Hz (25Hz), 16:9

0x05 0x97 H.264/AVC video, part of 8K UHD, 60Hz (30Hz), 16:9

0x05 0x98 H.264/AVC video, HD compatible part of 4K UHD, 50Hz (25Hz), 16:9

0x05 0x99 H.264/AVC video, HD compatible part of 4K UHD, 60Hz (30Hz), 16:9

0x05 0x9A H.264/AVC video, HD compatible part of 8K UHD, 50Hz (25Hz), 169

0x05 0x9B H.264/AVC video, HD compatible part of 8K UHD, 60Hz (30Hz), 16:9

0x09 0x10 Advanced codec video(EX : HEVC), 4K UHD, 50Hz (25Hz), 16:9

0x09 0x11 Advanced codec video(EX : HEVC), 4K UHD, 60Hz (30Hz), 16:9

0x09 0x12 Advanced codec video(EX : HEVC), 8K UHD, 50Hz (25Hz), 16:9

0x09 0x13 Advanced codec video(EX : HEVC), 8K UHD, 60Hz (30Hz), 16:9

0x09 0x14 Ii&gl\glanced codec video(EX : HEVC), part of 4K UHD, 50Hz (25Hz),

0x09 0x15 ?gl\granced codec video(EX : HEVC), part of 4K UHD, 60Hz (30Hz),

0x09 0x16 ?gl\granced codec video(EX : HEVC), part of 8K UHD, 50Hz (25Hz),

0x09 0x17 li&gl\gzanced codec video(EX : HEVC), part of 8K UHD, 60Hz (30Hz),

0x09 0x18 Advanced codec video(EX : HEVC), HD compatible part of 4K UHD,
50Hz (25Hz), 16:9

0x09 0x19 Advanced codec video(EX : HEVC), HD compatible part of 4K UHD,
60Hz (30Hz), 16:9

0x09 0x1A Advanced codec video(EX : HEVC), HD compatible part of 8K UHD,
50Hz (25Hz), 16:9

0x09 0x1B Advanced codec video(EX : HEVC), HD compatible part of 8K UHD,
60Hz (30Hz), 16:9




U.S. Patent Aug. 18, 2015 Sheet 17 of 19 US 9,113,020 B2

FIG. 19
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FIG. 20

ENCODE HD COMPATIBLE VIDEO OBTAINED THROUGH
SAMPLING OF UHD VIDEO, HD-SIZE VIDEO SPLIT THROUGH
SUBSAMPLING OF UHD VIDEO, AND SUB-STREAM TO TRANSMIT |—~—S100
RESIDUAL SIGNAL REPRESENTING DIFFERENCE BETWEEN
HD COMPATIBLE VIDEO AND.

|
MULTIPLEXING AT LEAST ONE OF SUB-STREAM OF HD
COMPATIBLE VIDEO OBTAINED FROM UHD VIDEOQ, SUB-

STREAM OF HD-SIZE VIDEO SPLIT THROUGH SUBSAMPLING

25200
OF UHD VIDEOQ, AND SUB-STREAM OF RESIDUAL SIGNAL
WITH SIGNALING INFORMATION DESCRIBING
THE SAME
|
TRANSMIT MULTIPLEXED SUB-STREAM AND 5300
SIGNALING INFORMATION
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DEMULTIPLEX STREAM CONTAINING AT LEAST ONE OF
SUB-STREAM OF HD COMPATIBLE VIDEO OBTAINED FROM
UHD VIDEO, SUB-STREAM OF HD-SIZE VIDEO SPLIT
THROUGH SUBSAMPLING OF UHD VIDEO, AND
SUB-STREAM OF RESIDUAL SIGNAL AND SIGNALING
INFORMATION DESCRIBING RELATION BETWEEN UHD VIDEO
STREAM AND SUB-STREAM CONTAINED IN STREAM

—~—S5400

|

DECODE DEMULTIPLEXED

SIGNALING INFORMATION

—~—=S500

|

DECODE SUB-STREAM TO TRANSMIT AT LEAST ONE OF
HD COMPATIBLE VIDEO AND HD-SIZE VIDEO
USING DECODED SIGNALING INFORMATION

——~—=S600
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1
APPARATUS FOR TRANSMITTING VIDEO
STREAM, APPARATUS FOR RECEIVING
VIDEO STREAM, METHOD FOR
TRANSMITTING VIDEO STREAM, AND
METHOD FOR RECEIVING VIDEO STREAM

This application is a 35 USC §371 National Stage entry of
International Application No. PCT/KR2012/005887 filed on
Jul. 24, 2012, and claims priority of U.S. Provisional Appli-
cation No. 61/511,559 filed on Jul. 26, 2011, which are
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to an apparatus for transmit-
ting a video stream, an apparatus for receiving a video stream,
a method for transmitting a video stream, and a method for
receiving a video stream.

BACKGROUND ART

As video signal processing speed increases, research is
underway into a method for encoding/decoding an ultra high
definition (UHD) video. An UHD video is defined as a video
having definition four times or sixteen times higher than that
of'a high definition (HD) image. High-efficiency codec tech-
nology for transmitting a television signal containing the
UHD video is being developed by some standards organiza-
tions for a single codec. However, current broadcast systems
do not have a technique for transmitting the UHD video
defined therefor. Accordingly, even if a method for encoding/
decoding the UHD video is proposed, current broadcast sys-
tems cannot transmit/receive the UHD video.

In addition, even if a system to transmit and receive the
UHD video is provided, it is rarely possible to immediately
utilize the system if the system is not compatible with a
conventional video transceiving system. Accordingly, com-
patibility with the conventional broadcast or video transceiv-
ing system is also an issue.

DISCLOSURE
Technical Problem

An object of the present invention devised to solve the
problem lies in an apparatus for transmitting a video stream,
an apparatus for receiving a video stream, a method for trans-
mitting a video stream, and a method for receiving a video
stream which are capable of efficiently transceiving an ultra
high definition video stream.

Another object of the present invention is to provide an
apparatus for transmitting a video stream, an apparatus for
receiving a video stream, a method for transmitting a video
stream, and a method for receiving a video stream which are
capable of transceiving a video stream compatible with the
current broadcast system and implementing an ultra high
definition video stream.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting a video stream including
the steps of downsampling an ultra high definition (UHD)
video stream to split the UHD video stream into a sub-stream
of'a viewable high definition (HD) compatible video, a sub-
stream of an HD-size video, and a sub-stream of a residual
signal representing a difference between the HD compatible
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video and the HD-size video, and encoding each of the split
sub-streams, multiplexing signaling information describing a
relation between the UHD video stream and at least one ofthe
sub-streams with the at least one of the sub-streams, and
transmitting the at least one multiplexed HD video sub-
stream and the signaling information.

The signaling information may include an identifier of the
sub-stream of the HD compatible video or the sub-stream of
the HD-size video. The signaling information may include
information about a service type supportable by a video sig-
nal transmitted by the sub-stream. The signaling information
may further include an identifier of a video sub-stream asso-
ciated with the sub-stream of the residual signal. The signal-
ing information may include information about a transmis-
sion medium for the sub-stream of the HD compatible video
or the sub-stream of the HD-size video.

In another aspect of the present invention, provided herein
is a method for transmitting a video stream including the steps
of demultiplexing a stream containing at least one of a sub-
stream of a high definition (HD) compatible video, a sub-
stream of an HD-size video, and a sub-stream of a residual
signal representing a difference between the HD compatible
video and the HD-size video and signaling information
describing a relation between a stream of a UHD video and at
least one of the sub-streams, the sub-streams being obtained
by downsampling the UHD video, decoding the demulti-
plexed signaling information, and decoding the demulti-
plexed sub-stream of the HD compatible video or the demul-
tiplexed sub-stream of the HD-size video using the decoded
signaling information.

In another aspect of the present invention, provided herein
is an apparatus for transmitting a video stream including an
encoder to downsample an ultra high definition (UHD) video
stream to split the UHD video stream into a sub-stream of a
viewable high definition (HD) compatible video, a sub-
stream of an HD-size video, and a sub-stream of a residual
signal representing a difference between the HD compatible
video and the HD-size video, and to encode each of the split
sub-streams, a multiplexer to multiplex signaling information
describing a relation between the UHD video stream and at
least one of the sub-streams with the at least one of the
sub-streams, and a transmitter to transmit the at least one
multiplexed HD video sub-stream and the signaling informa-
tion.

In a further aspect of the present invention, provided herein
is an apparatus for receiving a video stream including a
demultiplexer to demultiplex a stream containing at least one
of'a sub-stream of a high definition (HD) compatible video, a
sub-stream of an HD-size video, and a sub-stream of a
residual signal representing a difference between the HD
compatible video and the HD-size video and signaling infor-
mation describing a relation between a stream of a UHD
video and at least one of the sub-streams, the sub-streams
being obtained by downsampling the UHD video, a signaling
information decoder to decode the demultiplexed signaling
information, and a video decoder to decode the demultiplexed
sub-stream of the HD compatible video or the demultiplexed
sub-stream of the HD-size video using the decoded signaling
information.

Advantageous Effects

According to one embodiment of the present invention, an
ultra high definition video stream may be efficiently transmit-
ted and received.

In addition, according to one embodiment of the present
invention, a video stream compatible with the current broad-
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cast system may be transmitted and received, along with
implementation of an ultra high definition video stream.

DESCRIPTION OF DRAWINGS

FIG. 1 is a view illustrating an example of transmission of
an ultra high definition (UHD) video stream according to one
embodiment of the present invention;

FIG. 2 is a view illustrating an example of downsampling a
UHD video into an HD compatible video in detail;

FIG. 3 is a view illustrating an example of acquiring a
residual signal for a HD video signal from a UHD video;

FIG. 4 is a view illustrating an example of a video splitter
subsampling a UHD video stream into an HD-size video;

FIG. 5 is aview illustrating an example of a stream receiver
configured to receive and process split HD video streams
according to one embodiment of the present invention;

FIG. 6 is a view illustrating an example of configuration of
a program or channel for transmission and reception of a
UHD video stream:;

FIG. 7 is a view exemplarily illustrating signaling infor-
mation according to one embodiment of the present inven-
tion;

FIG. 8 is a view exemplarily illustrating a sub-stream
descriptor in signaling information according to one embodi-
ment of the present invention;

FIG. 9 is a view exemplarily illustrating the sub_stream-
_type field according to one embodiment of the present inven-
tion;

FIG. 10 is a view illustrating an example of allocating
component or element acquired from a UHD video stream to
a sub-stream;

FIG. 11 is a view exemplarily illustrating a combine
descriptor according to one embodiment of the present inven-
tion;

FIG. 12 is a view exemplarily illustrating values of the
UHD_sub_service_type field;

FIG. 13 is a view exemplarily illustrating values of the
original_UHD_resolution field;

FIG. 14 is a view exemplarily illustrating values of the
Linked_media_sync_type field;

FIG. 15 is a view exemplarily illustrating a format of a
supplemental enhancement information (SEI) payload of an
elementary video stream;

FIG. 16 is a view exemplarily illustrating a format of an
SEI message of an elementary video stream;

FIG. 17 is a view exemplarily illustrating sampling infor-
mation according to a technique of downsampling of a UHD
video in an elementary video stream;

FIG. 18 is a view exemplarily illustrating identifying UHD
content using stream_content and component_type ina DVB
system,

FIG. 19 is a view illustrating an example of a receiver
according to the illustrated embodiment of the present inven-
tion;

FIG. 20 is a view illustrating a video stream transmission
method according to one embodiment of the present inven-
tion; and;

FIG. 21 is a view illustrating a video stream reception
method according to one embodiment of the present inven-
tion.
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4
BEST MODE

Hereinafter, embodiments of the present invention will be
described with reverence to the drawings.

A description will be given of an embodiment of splitting
an HxV video into an HD compatible video steam, n HD-size
hxv video streams, and an additional video stream to transmit
a residual signal.

For example, HxV may represent UHD resolution of
3840x2160, and hxv may represent high definition (HD)
resolution of 1920x1080. The size of HxV relative to hxv
may vary depending upon splitting techniques and the num-
ber of split streams. For example, a 4K UHD video stream
may be split into four HD video streams and an additional
video stream. Alternatively, a 16K UHD video stream, for
example, may be split into 16 HD video streams and an
additional video stream according to the resolutions of the
UHD video streams and the HD streams. The additional video
stream to transmit a residual signal will be described in detail
below.

The illustrated embodiment related to a relation between a
UHD video stream and an HD video stream is applicable to an
example of subsampling a video stream of a first resolution to
transmit and receive video streams and an additional video
stream of a second resolution.

Hereinafter, a description will be given of an example of
splitting a 4K UHD video stream into one HD compatible
video stream, three HD-size video streams and an additional
video steam. However, embodiments of the present invention
are not limited thereto. The same concept is applicable to
different splitting techniques and sizes. In addition, in the
description given below, the videos before and after splitting
of'a video stream will be represented by terminological pairs
such as video and sub-video, content and sub-content, stream
and sub-stream, and service and sub-service. In addition,
when a stream carrying a sub-video, a sub-stream, a sub-
content, or a sub-service is transmitted, it may be an elemen-
tary video stream, which is a unit of independent transmis-
sion.

Hereinafter, the HD compatible video represents a video
compatible with an HD video that is produced by downsam-
pling and filtering a UHD video. The HD-size video, which is
aterm distinguished from ‘HD compatible video’, represents
an HD-size video obtained simply by sampling a UHD video.
The residual signal represents a difference between an HD
compatible video and an HD-size video. An HD-size video
may be an HD compatible video in the case that the image
quality thereof is level with that of the HD compatible video
(i.e., in the case that the size of a residual signal is small).

FIG. 1 is a view illustrating an example of transmission of
a UHD video stream according to one embodiment of the
present invention.

A UHD-to-HD downsampler downsamples a UHD reso-
Iution video into an HD resolution video. The video signal
produced through downsampling may be a viewable HD
compatible video. Herein, by filtering the UHD resolution
video with a low pass filter and downsampling the same
(filtering and downsampling may be performed in a reverse
order), a HD compatible video (indicated by down-sampled)
may be output. The downsampling process will be described
later with reference to the drawings.

Video encoder may receive and encode the down-sampled
HD compatible video, outputting a video stream. A multi-
plexer receives the down-sampled HD video signal and mul-
tiplexes the signaling information thereof, outputting a mul-
tiplex stream.
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A video splitter may split a 3840x2160 UHD video stream
into four sub-streams by perform downsampling according to
sub-video sampling factors. Each of the four split sub-streams
may be a 1920x1080 HD-size video stream. In FIG. 1, the
four HD-size video streams may be respectively referred to as
sub-video 0, sub-video 1, sub-video 2, and sub-video 3. In
some cases, the sub-videos may be viewable video signals
(HD compatible videos) as full HD video streams.

The sub sampling factors used in downsampling may be
respectively referred to as (even, even), (odd, even), (even,
odd), (odd, odd) for the respective split streams, which will be
described in detail later.

In this embodiment, video encoders may use the respective
subsampling factors to encode the respective sub-videos
(sub-videos 0, 1, 2 and 3) into HD-size video streams. Alter-
natively, videos for at least one sub-video may be collected,
and thereby one sub-stream may be transmitted.

Each of the multiplexers may multiplex an encoded video
stream and signaling information and output a multiplexed
stream. The output stream may be transmitted over the same
broadcast medium, or may be transmitted over two or more
media such as broadcast media or Internet media. The signal-
ing information will be described below in detail.

Meanwhile, a subtractor may output a residual signal,
which represents the difference between the HD compatible
video produced through downsampling by the UHD-to-HD
downsampler and a HD-size video of the sub-videos split by
the video splitter. In FIG. 1, the residual signal exemplarily
represents the difference between the HD compatible video
and the sub-video 0. However, a residual signal may be pro-
duced based on the HD compatible video, and sub-videos 1,
20r3.

An example of extracting the residual signal will be
described in detail later with reference to the drawings.

The residual signal may be separately encoded and output
into a separate video stream by a corresponding video
encoder, and the separate video stream may be multiplexed
with other information by a multiplexer.

Herein, the multiplexer may multiplex the HD compatible
video stream produced by downsampling a UHD video and
the video stream of the residual signal separately and output
separate streams as shown in FIG. 1, or may multiplex the HD
compatible video stream and the video stream of the residual
signal into one video stream.

FIG. 2 is a view illustrating an example of downsampling a
UHD video into an HD compatible video in detail.

The HD compatible video may be obtained by filtering the
UHD video with a low pass filter and subsampling a signal
produced through low pass at a corresponding position using
a subsampling factor ((even, even) in FIG. 2).

Accordingly, in FIG. 1, the HD compatible video may be
obtained using a video (a full HD video indicated by (down-
sampled)) obtained with the low pass filter or using videos
(indicated by sub-videos 0, 1, 2 and 3) obtained by perform-
ing subsampling without low pass filtering.

FIG. 3 is a view illustrating an example of acquiring a
residual signal for a HD video signal from a UHD video.

The subtractor may output the difference between a signal
of' a down-sampled HD compatible video (indicated by HD
compatible), produced by subsampling the UHD video
according a subsampling factor, and a signal produced
through subsampling or decimation of the UHD video using
a subsampling factor. In this case, the output signal may be
used as the residual signal. In the illustrated embodiment, a
video signal for the service of HD video may be acquired by
downsampling the UHD video. In the downsampling or deci-
mation process, filtering may be properly performed to satisfy
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the quality of an HD video. Since the HD signal produced
through filtering is differentiated from the UHD video, the
difference between the two signals may be compensated with
the residual signal by multiplexing the residual signal with a
separate stream or an HD compatible video stream and trans-
miting the same.

FIG. 4 is a view illustrating an example of a video splitter
subsampling a UHD video stream into an HD-size video.

The video splitter subsamples a UHD video stream into an
HD-size video stream according to a sub-video sampling
factor. Depending upon the difference in resolution between
the UHD video and the HD video, a plurality of sub-video
sampling factors may be provided. In this example, the reso-
Iution of the UHD video is four times higher than that of the
HD-size video, and thus four sub-video sampling factors
((even, even), (odd, even), (even, odd), (odd, odd)) are exem-
plarily provided. Four pixels included in a 2x2 pixel may be
divided and numbered 0, 1, 2, and 3, as shown in FIG. 4.

According to (even, even), which is a first sub-video sam-
pling factor, an HD-size video, sub-video 0 may be made by
subsampling the upper left pixels, indicated by 0, included in
the 2x2 pixel of the UHD video. According to (odd, even),
which is a second sub-video sampling factor, an HD-size
video, sub-video 1 may be made by subsampling the upper
right pixels, indicated by 1, included in the 2x2 pixel of the
UHD video. According to (even, odd), which is a third sub-
video sampling factor, an HD-size video, sub-video 2 may be
made by subsampling the lower left pixels, indicated by 2,
included in the 2x2 pixel of the UHD video. Similarly,
according to (odd, odd), which is a fourth sub-video sampling
factor, an HD video, sub-video 3 may be made by subsam-
pling the lower right pixels, indicated by 3, included in the
2x2 pixel of the UHD video.

In the case that the UHD video has a resolution four times
higher that of the HD-size video, when subsampling is per-
formed as shown in the figure, and the residual signal is small,
all the sub-videos 0, 1, 2, and 3 may be viewable HD-size
video content.

FIG. 5 isa view illustrating an example of a stream receiver
to receive and process split HD video streams according to
one embodiment of the present invention.

Each of the demultiplexers receives a stream produced by
multiplexing at least one of an HD compatible video stream
produced through subsampling of a corresponding UHD
video stream, an HD-size video stream produced through
subsampling, and a video stream according to the residual
signal with signaling information therefor, and demultiplexes
the received stream, outputting the HD compatible video
stream or the HD-size video stream.

Inthe case that one sub-stream is transmitted by combining
two or more sub-videos or by combining one HD compatible
video stream and the residual signal in contrast with the
illustrated example, the demultiplexers may demultiplex a
video stream produced by multiplexing two or more sub-
videos or one HD compatible video stream and the residual
signal and output a corresponding stream.

The video decoders may decode the HD streams according
to the respective sub sampling factors and output the decoded
streams. In the case that a demultiplexer demultiplexes an HD
compatible video stream, the corresponding video decoder
may decode the HD compatible video and output an HD video
stream (an HDTV video).

In the case that the demultiplexer demultiplexes the
residual signal, the corresponding video decoder may receive
HD compatible video data from a video decoder that decodes
an HD compatible video stream associated with the residual
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signal, and decode the residual signal and an HD-size sub-
video included in the UHD video. Herein, the HD sub-video
is indicated by sub-video 0.

A video merger may merge the four video streams of
sub-videos 0, 1, 2 and 3 into one UHD video stream using the
sub sampling factors and output the UHD video stream. For
example, following the process of the FIG. 1 in reverse order,
the video merger may output one UHD video stream from the
HD-size video streams produced through subsampling.

According to this embodiment, in the case that the receiver
is allowed to output only an HD video, it outputs an HD
compatible video. In the case that the receiver is allowed to
output a UHD video, it may selectively output an HD com-
patible video or a UHD video.

FIG. 6 is a view illustrating an example of configuration of
a program or channel for transmission and reception of a
UHD video stream. Herein, the terms program, service, and
channel may be used to represent the same meaning.

In FIG. 6, Program A may be Service A or Channel A. In
addition, Program B may be Service B or Channel B.

In the illustrated example, Program B represent program
components capable of providing a UHD video, and Program
A represents a program component capable of providing an
HD compatible video using a UHD video. According to this
example, Program B may include the component of Program
A. the components of Program B and the component of Pro-
gram A (i.e., a video produced from Program B through
downsampling) may be transceived over different channels.

According to the illustrated example, Program A is an HD
compatible video component obtained from the UHD video
(Component 1). Program B may include the HD compatible
video component obtained from the UHD video (Component
1), a video component according to the residual signal for
sub-video 0 (Component 2), a video component according to
the residual signal for sub-video 1 (Component 3), a video
component according to the residual signal for sub-video 2
(Component 4), and a video component according to the
residual signal for sub-video 4 (Component 5).

When the above components are transmitted and signaling
information therefor is properly transmitted, a conventional
HD video stream receiver decodes the HD compatible video
component (Component 1) and outputs a video. In addition, a
UHD video stream receiver may decode the HD compatible
video component (Component 1) and the video component
according to the residual signal for sub-video 0 (Component
2) and decode the video component according to the residual
signal for sub-video 1 (Component 3), video component
according to the residual signal for sub-video 2 (Component
4), and video component according to the residual signal for
sub-video 4 (Component 5), thereby merging the decoded
videos into the UHD video.

In the example described above, Components 3, 4 and 5
represent results of subsampling or decimation of a UHD
video, and Component 1 represents a result of subsampling or
decimation of a UHD video or a result of downsampling of
the UHD video using filtering. In addition, Component 2
represents a result according to the residual signal of the video
according to Component 1.

Hereinafter, a description will be given of signaling infor-
mation in the case that a UHD video stream is transceived
through an HD video stream or a video stream according to
the residual signal for the HD video stream. In the case that a
video stream with the first resolution is split into video
streams with the second resolution, signaling information
may be used to output the video stream of the first resolution
or the video streams of the second resolution according to the
capability of the receiver.
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FIG. 7 exemplarily illustrates signaling information
according to one embodiment of the present invention. The
signaling information may be included in a descriptor
describing each split video stream and may thus be included
in the broadcast signaling information.

The descriptor may signal stream information about, for
example, whether a sub-video stream is produced by subsam-
pling an HD compatible video stream or a UHD video, what
sub-videos are contained in the stream, and what subsampling
technique is used. In FIG. 7, a program map table (PMT) is
illustrated as an example of the broadcast signaling informa-
tion that includes the signaling information. Description of
each field in the PMT may comply with ISO/IEC 13818-1
(MPEG-2 systems).

Herein, to identify the split streams, the stream_type may
be 0x02 or 0x1B. To identify streams according to a high-
performance codec that supports UHD videos such as UHD
video streams, a separate value of the stream_type may be
used.

In this example, to implement signaling of a UHD video
stream or an HD video stream produced through subsampling
of the UHD video stream, a descriptor in the program level
and a descriptor at the stream level may be used respectively.

In this embodiment, the descriptor in the program level
(denoted by UHDTV_service_combine_descriptor) may
include, for example, signaling information for merging mul-
tiple HD video streams (an HD compatible video and an
HD-size video) or video streams according to residual signals
into one UHD video stream. Hereinafter, the descriptor is
referred to as a combine descriptor.

In this embodiment, the descriptor in the stream level (de-
noted by UHDTV_sub_stream_descriptor) may include, for
example, signaling information capable of describing the HD
video streams or video streams according to the residual
signals respectively. Hereinafter, this descriptor is referred to
as a sub-stream descriptor.

Hereinafter, two descriptors and the content signaled by the
descriptors will be described. For ease of description of
embodiments of the present invention, a sub-stream descrip-
tor (denoted by UHDTV_sub_stream_descriptor) will first be
described.

FIG. 8 is a view exemplarily illustrating a sub-stream
descriptor in the signaling information according to one
embodiment of the present invention. The sub-stream repre-
sents an elementary video stream that can be independently
transmitted. Sub-streams may respectively correspond to the
components of FIG. 6, or at least one component may be
referred to as a sub-stream.

The descriptor_tag field represents an identifier to identify
this descriptor.

The descriptor_length field may represent the length of this
descriptor in bits.

The sub_stream_ID field represents an ID value assigned
to indentify each video stream included in a UHD video.
Values may be sequentially assigned to the respective sub-
streams, taking the upper leftmost pixel as a reference pixel.
For example, a lower value may be assigned to a video stream
having a reference pixel positioned farther to the upper left
side in a UHD video.

The elementary stream_PID field, which represents an
identifier of an elementary video stream, may serve as the
sub_stream_ID field. For example, the sub_stream_ID field
may be expressed in 2 bits for a 4K UHD video screen, while
it may be expressed in 4 bits for an 8K UHD video screen.

The sub_stream_type field may represent the type of a
component/element including the UHD video service. A
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detailed description of the sub_stream_type field will be
given later with reference to the drawings.

The sub_video_grid_hor field indicates a pixel or area
sampled in the lateral direction of a screen, i.e., a sub-video
grid. In other words, when a UHD screen is implemented
using multiple sub_videos, this field may inform of a pixel
grid in the UHD screen to which the sub videos are mapped.
For a 4K UHD screen, this field may indicate two values
(identifying an even-numbered line or an odd-numbered
line). For an 8K UHD screen, this field may indicate four
values (identifying line No. 0 to line No. 3).

The sub_video_grid_ver field indicates a pixel or area
sampled in the vertical direction of the screen, i.e., a sub video
grid. That is, when a UHD screen is implemented using a
sub_video, this field informs of pixel positions in the UHD
screen to which the pixels belonging to a sub-video are
mapped. For a 4K UHD screen, this field may indicate two
values (an even-numbered line or an odd-numbered line). For
an 8K UHD screen, this filed may indicate four values (line
No. 0 to line No. 3).

In a scheme different from the above two fields, a combi-
nation of a plurality of pixels may also be expressed in the
case that multiple sampling grids are included. For example,
in the case that bits included in the two fields indicate whether
ornot a grid is included, and line No. N is included, bit N may
be setto ‘1°.

The residual_sub_stream_ ID field informs of the
sub_stream_ID or elementary_PID of an element including a
residual signal for each component/element. In this example,
when the sub_stream_type field indicates that the element of
a UHD video service is an HD compatible video component
and a sub-video obtained from the UHD video
(sub_stream_type=0x01), or that the element of the UHD
video service is a Non-HD compatible video component and
a sub-video obtained from the UHD
(sub_stream_type=0x03), the residual_sub_stream_ID field
indicates the sub_stream_ID or elementary_PID of an ele-
ment containing a residual signal.

When the component/element is a residual signal, the asso-
ciated_sub_stream_ID field indicates the sub_stream_ID or
elementary_PID ofa component/element which may be com-
bined with the residual signal to produce a sub_video stream.
In this example, when the sub_stream_type field indicates
that a stream is a residual signal (sub_stream_type=0x04), the
associated_sub_stream ID  field indicates indicates
the sub_stream_ID or elementary_PID of an associated com-
ponent/element.

FIG. 9 is a view exemplarily illustrating the sub_
stream_type field according to one embodiment of the present
invention.

When the value of the sub_stream_type field is 0x00, it
indicates that the stream is a stream of an HD compatible
video and complete sub-video component. That is, the field
indicates that the video of the stream is a sub-video of a UHD
video, thata complete sub-video can be acquired by decoding
the element, and that the stream is a sub-stream viewable
through an HD receiver.

When the value of the sub_stream_type field is 0x01, it
indicates that the stream is a stream of an HD compatible
video and complete sub-video component. That is, the field
indicates that the video of the stream is a sub-video of a UHD
video, and that an additional delta signal is needed for recon-
struction of the UHD video. It may also indicate that the
stream can be combined with the delta signal into a video
viewable through an HD receiver.

When the value of the sub_stream_type field is 0x02, it
indicates that the stream is a stream of a non-HD compatible
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video and complete sub-video component. That is, the field
indicates that a complete sub-video can be acquired when the
video element of the stream is decoded, but exclusively out-
putting the stream to view the video is not recommended.

When the value of the sub_stream_type field is 0x03, it
indicates that the stream is a stream of a non-HD compatible
video component and complete sub-video component.
Accordingly, the field indicates that the video can be com-
bined with a delta signal into a sub-video of the UHD video,
but exclusively outputting the stream to view the video is not
recommended.

When the value of the sub_stream_type field is 0x04, it
indicates that the stream is a residual signal for a sub-video
component. Accordingly, the field indicates that the stream is
transmitted as a delta signal for a sub-video component to
output a UHD video.

When the value of the sub_stream_type field is 0x05, it
may indicate the stream contains multiple sub-videos.

When the value of the sub_stream_type field is 0x06, it
indicates that the stream is a stream of a video compatible
with the resolution of the UHD video, e.g., 3840x2160 (4K
UHDTV).

FIG. 10 is a view illustrating an example of allocating
component or element acquired from a UHD video stream to
a sub-stream.

A UHD video may be spit into a compatible video, a
sub-video and a residual signal and transmitted. The split data
may be separately transmitted, or a stream produced by com-
bining two or more data may be transmitted. In the illustrated
example, a 4K UHD video is split and streams are respec-
tively transmitted. In the case that the resolution of the video
changes, the video stream may be transmitted through various
combinations.

Stream 0 is a stream over which an HD compatible sub-
video is transmitted. That is, a video stream of HD resolution
produced by downsampling and filtering the UHD video is
transmitted. In this case, downsampling may be performed by
collecting pixels form the same sample grid of a quartet (2x2
pixels). In this example, sub_video_grid_hor—00 and
sub_video_grid_ver==00. These values indicate that an
upper left pixel of the 2x2 pixels has been used to down-
sample the UHD video into a sub-video. According to this
example, the sub_stream_ID of stream 0 is 0x0000, and the
sub_stream_type is 0x01.

Stream 1 is a stream over which sub-video 1 of the UHD
video is transmitted. That is, a video stream of HD resolution
produced by downsampling the UHD video is transmitted. In
this example, sub_video_grid_hor==01 and sub_video_
grid_ver==00. These values may indicate that an upper right
pixel of the 2x2 pixels has been used to downsample the UHD
video into a sub-video. the sub_stream_ID of stream 1 is
0x0001, the sub_stream_type is 0x02. For stream 1, the
sub_stream_type may be set to 0x00. For example, if an HD
video is produced through downsampling of the UHD video
(without filtering) and is viewable, the sub_stream_type may
be set to 0x00.

Stream 2 is a stream over which sub-video 2 and sub-video
3 of the UHD video are transmitted. In this example,
sub_video_grid_hor==0 and sub_video_grid_ver==1 for for
sub-video 2. These values may indicate that a lower left pixel
of the 2x2 pixels has been used to downsample the UHD
video into the sub-video. In addition, for sub-video 3,
sub_video_grid_hor==1 and sub_video_grid_ver=1. These
values may indicate that a lower right pixel of the 2x2 pixels
has been used to downsample the UHD video into the sub-
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video. According to the illustrated example, the sub_strea-
m_ID of stream 2 is set to 0x0002, and the sub_stream_type
is set to 0x05.

Stream 3 represents a stream over which a residual signal
of sub-video 0 is transmitted. For the residual signal of sub-
video 0, sub_video_grid_hor=0and sub_video_grid_ver=—=0.
These values may indicate that a lower left pixel of the 2x2
pixels has been used to downsample a video into the sub-
video. According to the illustrated example, the sub_strea-
m_ID of stream 3 is set to 0x0003, and the sub_stream_type
is set to 0x04.

FIG. 11 is a view exemplarily illustrating a combine
descriptor according to one embodiment of the present inven-
tion. The combine descriptor, denoted by UHDTV_
service_combine_descriptor in FIG. 11, will be described
below.

The UHDTV_service_combine_descriptor may include
fields as follows.

The descriptor_tag field may indicate an identifier of the
descriptor in the program level, and the descriptor_length
field may indicate the length of UHDTV_service_
combine_descriptor.

The original_UHD_resolution field represents the resolu-
tion of an original UHD screen that may be output by collect-
ing all the streams included in a UHD program (service). An
exemplary description of a value of the original_UHD_reso-
Iution field will be given later with reference to the drawings.

The UHD_sub_service_type field may indicate types of
sub-services which can be supported only with steams
described in the current program (service and channel) level.
Details of the value of this field will be described later with
reference to FIG. 12.

The linked_UHD_sub_service_type field may indicate a
value of the UHD_sub_service_type for a service associated
with the current program (service or channel).

The num_linked_media field may indicate the number of
associated media provided through services or media other
than the current delivery medium to implement the original
UHDTYV broadcast.

The linked_media_type field may indicate the types of
associated media. If the field is 00, the field may indicate that
information associated with a program (service) to be cur-
rently described is transmitted to other services, channels, or
programs in the same broadcast transmission medium. If
linked_media_type is 01, it may indicate that information
associated with a program (service) to be currently described
can be transmitted through another transmission medium
such as the Internet.

The Linked_media_sync_type field may indicate how a
UHD sub-service to be connected is acquired and synchro-
nized by the receiver. This field will be described in detail
with reference to FIG. 14.

In the cast that an associated stream included in a UHD
stream is transmitted through the same medium (linked_me-
dia_type==0), the combine descriptor may include
Linked_UHD_sub_service_type, associated_service_TSID,
associated_service_original_network_id, and associated_
service_id. In the cast that an associated stream included in
the UHD stream is transmitted through another medium
(linked_media_type==1), the combine descriptor may
include Linked_UHD_sub_service_type, and internet_link-
age_information.

The associated_service_TSID field may indicate the value
of transport_stream_id of a program (service) including a
stream to be combined with the program (service) described
by the descriptor to provide a compete UHD service.
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The associated_service_original_network_id field may
indicate the value of original_network_id of a service includ-
ing a stream to be combined with the program (service)
described by the descriptor to provide a compete UHD ser-
vice.

The associated_service_id field may indicate the value of
service_id of a service including a stream to be combined
with the program (service) described by the descriptor to
provide a compete UHD service.

While the combine descriptor is illustrated in this embodi-
ment as including service_id, it may include the linked_pro-
gram_number field. In this case, the linked_program_number
field, which has a meaning similar to that of the
program_number field of the PMT, identifies the program
number for a stream which can be combined.

Internet_linkage_information indicates connection infor-
mation about the Internet connected to provide a complete
UHD program (service). The information may include at least
one of (1) whether the IP address information is 32 bits or 128
bits, (2) IP address information, (3) Port number information,
(4) additional information such as URI for an additional
stream, and (5) available time slot (e.g., start time, expiration
time, etc. for transmission of a service).

FIG. 12 is a view exemplarily illustrating values of the
UHD_sub_service_type. As described above, in the combine
descriptor, the values of the UHD_sub_service_type field
may indicate types of sub-services which can be supported
only with a service according to a steam currently being
described.

For example, if the UHD_sub_service_type field is 000, it
may indicate that a stream which can be exclusively output
does not exist in the current. That is, this field may indicate
that only non-compatible streams exist in the currently
described stream, and additional data may be received
through another service or medium in addition to the cur-
rently described service (program) for the UHD service.

If the UHD_sub_service_type field is 001, it may indicate
that an HD compatible stream is included in the currently
described UHD service, but a 4K UHD or 8K UHD service is
not exclusively supportable. Accordingly, it may indicate that
additional data may be received through another service or
medium in addition to the data provided through the service
(program) currently described for the UHD service.

If the UHD_sub_service_type field is 010, it may indicate
that a 4K UHD compatible stream is included in the currently
described UHD service, but a HD or 8K UHD service is not
exclusively supportable. Accordingly, it may indicate that
additional data may be received through another service or
medium, in addition to the data provided through the service
(program) currently described for the UHD service.

If the UHD_sub_service_type field is 011, it may indicate
that all streams needed to support the original UHD broadcast
are included in the currently described UHD service. Herein,
the original UHD broadcast refers to a UHD broadcast cor-
responding to the value of the original_UHD_resolution.

FIG. 13 is a view exemplarily illustrating values of the
original_UHD_resolution field described above.

Ifthe original_UHD_resolution field is 00, it may indicate
the 4k UHD resolution of 3840x2160. If the original UH-
D_resolution field is 01, it may indicate the 4k UHD resolu-
tion of 7680x4320. FIG. 13 illustrates the values of the origi-
nal_UHD_resolution field. Although not illustrated in FIG.
13, a screen format of a 4096x2160 resolution may also be
signaled to a value of the original_UHD_resolution field. In
this case, crop rectangle-related parameters (frame_
crop_left_offset, frame_crop_right_offset, frame_crop_
top_offset, frame_crop_bottom_offset, etc.) may be addi-
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tionally used in the process of video encoding of a stream for
HD compatibility. At this time, the video decoder may set the
output data to the 1920x1080 resolution or may configure a
HD compatible video signal using bar data.

FIG. 14 is a view exemplarily illustrating values of the
Linked_media_sync_type field described above. This field
describes how a linked UHD sub-video can be obtained. As
illustrated in FIG. 14, a sub-stream or sub-video may be a
video component for a UHD service. In addition, the sub-
stream or sub-video may be transmitted using at least one
broadcast channel, or may be transmitted through at least one
broadcast channel and another physical medium.

For example, a first sub-stream may be transmitted over a
terrestrial broadcast channel, while second, third and fourth
sub-streams may be transmitted over an IP stream on the
Internet. Accordingly, when video components are transmit-
ted over separate transmission means, it may be indicated
how they can be synchronized through signaling.

Therefore, synchronous delivery represents the case in
which two or more components are transmitted in real time.
In this case, the two or more components are synchronized
and expressed by the receiver. Asynchronous delivery repre-
sents the case in which any one of the components is trans-
mitted in non-real time. In this case, the receiver pre-stores a
first component, and receives another component transmitted
thereafter. Then, the receiver synchronizes and expresses
both components.

For example, in the case that the value of the Linked_me-
dia_sync_type field is 000, it indicates that only synchronous
UHD delivery is possible for the linked UHD sub-streams
(services). Accordingly, in this case, the linked UHD sub-
streams (services) may be transmitted in real time, and syn-
chronized with each other to express the UHD service.

If the value of the Linked_media_sync_type field is 001, it
indicates that asynchronous UHD delivery is possible for the
linked UHD sub-streams (services), and the UHD sub-
streams (services) referenced by the link information (e.g.,
associated_service_TSID, associated_service_original_net-
work_id, associated_service_id, internet_linkage_informa-
tion, etc.) is transmitted thereafter. Accordingly, in this case,
the linked UHD sub-streams (services) may be transmitted in
non-real time, and when the receiver receives the link infor-
mation, it may synchronize the UHD sub-streams (services)
transmitted in non-real time with each other and express the
UHD services.

If the value of the Linked_media_sync_type field is 010, it
indicates that asynchronous UHD delivery is possible for the
linked UHD sub-streams (services), and the UHD sub-
streams (services) referenced by the link information (e.g.,
associated_service_TSID, associated_service_original_net-
work_id, associated_service_id, internet_linkage_informa-
tion, etc.) has already been transmitted. Accordingly, in this
case, the linked UHD sub-streams (services) may have
already been transmitted in non-real time, and the receiver
may synchronize the UHD sub-streams (services) transmitted
at different points of time using the link information and
express the UHD services.

If the value of the Linked_media_sync_type field is 011, it
indicates that both the synchronous UHD delivery and the
asynchronous UHD delivery are possible for the linked UHD
sub-streams (services), and that the UHD sub-streams
(services) referenced by the link information (e.g., associat-
ed_service_TSID, associated_service_original_network_id,
associated_service_id, internet_linkage_information, etc.) is
retransmitted later or is being transmitted upon occurrence of
the current event.
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Ifthe value of the Linked_media_sync_type field is 100, it
indicates that both the synchronous UHD delivery and the
asynchronous UHD delivery are possible for the linked UHD
sub-streams (services), and that the UHD sub-streams
(services) referenced by the link information (e.g., associat-
ed_service_TSID, associated_service_original_network_id,
associated_service_id, internet_linkage_information, etc.)
has already been transmitted or is being transmitted upon
occurrence of the current event.

The combine descriptor and the sub-stream descriptor have
been exemplarily described above. Information that can be
included in each descriptor has also been described. The
sub-stream descriptor may include a descriptor for each
stream. In this case, information such as the compatibility of
each stream and sampling factors may be known, but the
information about the entire configuration of an original
UHD broadcast is not provided. Accordingly, information
about the entire configuration of the UHDTV broadcast,
which needs to be provided in the program/channel/service
levels, may be signaled to provide the UHD broadcast. The
information may include the number of constituent streams,
channel/service information including each stream, and an
indication of whether each stream is transmitted in real time
or non-real time, which have already been disclosed with
regard to the combine descriptor.

Since operation of the receiver may vary depending upon
whether or not the UHD sub-services provided over the chan-
nels are synchronized, this is considered in signaling in the
illustrated embodiment. That is, the UHD sub-services may
all be synchronized and output in real time upon being
received, or they may be asynchronously configured and a
portion or entirety thereof may be stored in the receiver and
then output after being combined with components transmit-
ted later.

Next, a description will be given of a format of a video
stream in the case that a UHD video is transmitted according
to the method exemplarily described above. Once subsam-
pling of a UHD video is performed, the video encoder may
encode the subsampled video into elementary video streams
according the following format and then output the encoded
video.

First, the header of the elementary video streams described
above may have a format of a supplemental enhancement
information (SEI) message illustrated in FIGS. 15 and 16.

FIG. 15 illustrates the format of a supplemental enhance-
ment information (SEI) payload of an elementary video
stream. In the case that the payload type of the SEI payload is
5, it may have a payload format according to user_data_reg-
istered_itu_t_t35().

Herein, the user_identitier field may have a value of
0x4741 3934, and the user_structure field may have a format
exemplarily described below. In addition, in the case that
user_data_type_code is Ox1B, user_data_type_structure( )
may contain information on UHD_sampling_info, which
describes sub-streams according to the technique of subsam-
pling of the UHD video. The content of UHD_sampling_info
will be described in detail with reference to FIG. 17.

FIG. 16 is a view exemplarily illustrating a format of the
SEI message of an elementary video stream. In the case that
payloadType of the SEI message is 37, sampling information
(UHD_sampling_info) may be contained.

FIG. 17 is a view exemplarily illustrating sampling infor-
mation according to a technique of subsampling of a UHD
video in an elementary video stream. Herein, fields in the
syntax of the described sampling information (UHD_sam-
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pling_info) identical to those of FIG. 8 have the same mean-
ing as those of the fields described above with reference to
FIG. 8.

A description has been given above of an example of the
combine descriptor and the sub-stream descriptor being
included in the PMT. However, the illustrated descriptors
may be added to VCT of ATSC PSIP. At this time, both the
combine descriptor and the sub-stream descriptor illustrated
above may be included in the description in the channel level.

For example, in the case that the combine descriptor (UH-
DTV _service_combine_descriptor) is included in the TVCT,
the combine descriptor (UHDTV _service_combine_descrip-
tor) may be located at the position of a channel loop. In this
case, associated_service_id in the combine descriptor (UH-
DTV _service_combine_descriptor) may be replaced with
associated_program_number or associated_major_
channel number and associated_minor_channel number. In
addition, a described program (service) and an identifier (as-
sociated_source_id) of an associated source which can
express the program into a UHD video may be added to the
combine descriptor (UHDTV _service_combine_descriptor).

The associated_program_number field indicates a pro-
gram number for a service video stream associated with a
signaled sub-video stream, and the associated_major_chan-
nel_number field and the associated_minor_channel number
field respectively indicate major and minor channel numbers
for a service video stream associated with the signaled sub-
video stream. In addition, the associated_source_id field may
indicate the channel number or source_id of a channel con-
taining a stream to be combined. Since the combine descrip-
tor (UHDTV_service_combine_descriptor) has been
described, a replaced or added field is omitted in the draw-
ings.

The two descriptors described above may be added to the
SDT of'the DVB SI. In this case, both the combine descriptor
and the sub-stream descriptor described above may be
included in a descriptor in the service level.

As another example, the combine descriptor (UH-
DTV _service_combine_descriptor) described above may be
included in the position of transport_stream_loop in the Net-
work Information Table. In this case, the receiver may obtain,
using the combine descriptor (UHDTV_service_
combine_descriptor) in the NIT, information about, for
example, how a service to be described is transmitted over a
stream obtained from an original UHD video, based on the
fields such as transport_stream_id and original_network_id.
In addition, the receiver may obtain, from the combine
descriptor (UHDTV _service_combine_descriptor) in the
NIT, information about, for example, whether the received
service is a stream which can be exclusively output and which
sub-video it includes. The receiver may also know informa-
tion about a service to be additionally connected to obtain a
complete UHD video, using this descriptor.

As another example, the exemplary UHD video may be
included in an event information table (EIT) of the ATSC or
the DVB. The combine descriptor (UHDTV _service_com-
bine_descriptor) described above may be included in the
position of the event loop in the event information table.

In the case that the combine descriptor (UHDTV_
service_combine_descriptor) is transmitted to the EIT of the
ATSC, the associated_service_id field of the combine
descriptor described above may be replaced with the associ-
ated_program_number field which identifies a program asso-
ciated with expression of a UHD video. The associated_sour-
ce_id field to identify a source associated with expression of
the UHD video and the associated_event_id field to identify
an event associated with expression of the UHD video may be
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added to the combine descriptor. As described above, the
associated_program_number indicates a program number of
a service video stream associated with a signaled sub-video
stream. The associated_source_id field and the associated_e-
vent_id field respectively indicate an event identifier and a
source ID of a video steam associated with the signaled sub-
video stream. In the case of the DVB, the associated_event_id
field to identify an event associated with expression ofa UHD
video may be added to the combine descriptor.

When a UHD video stream is transmitted, signaling infor-
mation additionally containing the following fields may also
be transmitted depending upon a transmission system.

Depending upon a transmission system, the signaling
information may include component type information or
stream_type information. Signaling using the component
type information may inform of the type of each stream
through the values of the stream_content field and the com-
ponent_type field. Accordingly, using the values of compo-
nents of a stream, a value allowing determination of the
UHD_subsampling mode, codec information, and resolution
information may be allocated and signaled.

Even in the case that the stream_type information is used,
a new value for the UHD video stream may be allocated and
signaled. A UHD service may be classified according to a
codec used and the type of a contained stream and signaled by
allocating a different service_type to the classified UHD ser-
vice. In this case, a service according to an HD video com-
patible stream produced through subsampling of the UHD
service may be viewed in the conventional HD service, using
the same service_type as that of the conventional HD service.

In addition, the conventional receiver may be blocked from
receiving a UHD video signal which is not compatible with
the HD video by performing signaling using the component
type and stream_type or service_type.

FIG. 18 is a view exemplarily illustrating identifying UHD
content using the stream_content and component_type in a
DVB system. In the DVB system, the component descriptor
may identify the type of a component stream, and may be
used to provide a description of a text of an elementary
stream. The component descriptor may be included inthe EIT
or SDT, and may describe the features of an element (video
element) included in an event or a service.

In this case, the types of sub-content that may be included
in UHD content, as shown in FIG. 18, may be signaled. The
sub-content is produced using the UHD content. The sub-
content may be compatible or incompatible with the UHD
content. For example, components illustrated in FIG. 18 may
transmit the sub-videos illustrated in FIG. 1. In this case, the
elements such as the sub-video sampling factors (e.g., (even,
0dd)), the horizontal_sampling_factor and the vertical_sam-
pling_factor may also be used to describe each component.

For example, if stream_content is 0x05 and com-
ponent_type is 0x90, they may indicate that the correspond-
ing sub-content is 4K UHD content as H.264/AVC video
content and content of 50 Hz (25 Hz) and the aspect ratio of
16:9.

If stream_content is 0x05 and component_type is 0x94,
they may indicate that the corresponding sub-content is a part
of 4K UHD content as H.264/AVC video content and content
of 60 Hz (30 Hz) and the aspect ratio of 16:9.

Herein, part of 4K UHD indicates the case in which that
sub-video data of a part of the 4K UHD content is included,
but an independently meaningful video (e.g., an HD video)
cannot be provided. In the above description, components
having the aspect ratio of 16:9 have been provided as an
example. In the case that the aspect ratio different from 16:9
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(e.g., 21:9) is used, a value of the component_type field for
this ratio may be additionally set.

If stream_content is 0x05 and component_type is 0x98,
they indicate that the corresponding sub-content is a part of
4K UHD content as H.264/AVC video content and a part of a
video signal for outputting an HD compatible video. The
stream_content of 0x05 and component_type of 0x98 may
serve as an identifier to indicate a stream or component for a
residual signal. This example indicates that the stream is
content of 60 Hz (30 Hz) and the aspect ratio of 16:9.

If stream_content is 0x09 and component_type is 0x10,
they indicate that the corresponding sub-content is a part of
4K UHD content and a part of a UHD video signal of 4K
resolution as advanced codec video content such as HEVC.

If stream_content is 0x05 and component_type is 0x14,
they indicate that the corresponding sub-content is a part of a
UHD video signal of 4K resolution, which in turn indicates
that the stream is content of 50 Hz (25 Hz) and the aspect ratio
of 16:9.

Similarly, if stream_content is 0x09 and component_type
is 0x18, they indicate that the corresponding sub-content is a
part of 4K UHD content as advanced codec video content
such as HEVC. For example, they may serve as an indicator to
indicate the sub-content is a stream or component for a
residual signal.

In the case that the component is encoded using spatial
scalable coding and transmitted, the base layer may use the
same method as in the conventional HD and separately allo-
cate values of stream_content and component_type for the
enhancement layer for providing spatial scalability. For
example, if stream_content is 0x05 and component_type is
0xAOQ, they may indicate H.264/AVC spatial scalable exten-
sion video, 4K UHD, 50 Hz (25 Hz), and 16:9. This stream
cannot be independently decoded, but a meaningful video
may be output when the stream is combined with a base layer
video. Further, in the case that an advanced codec is used, a
UHD video may be provided through a method similar to that
described above when the spatial scalability is provided based
on the codec.

Hereinafter, a description will be given of a receiver that
outputs a UHD video or HD video using the UHD video
stream and the signaling information according to the method
described above. Examples of the receiver may include a
receiver capable of receiving and expressing a UHD video,
and a receiver capable of expressing an HD video which is a
part of the UHD video. Embodiments of video outputs for
these two receivers will be schematically described below.

A description will first be given of'a conventional HD video
receiver which receives a UHD sub-stream and outputs an HD
video.

In the case that a video carrying a service is transmitted
over an HD compatible stream (i.e., in the case of Program A
in FIG. 6), the receiver may output an HD video in the same
manner as in receiving a conventional HD video. In this case,
the UHD sub-service (video) transmitted over the HD com-
patible stream may be signaled with the same service_type
and stream_type (for PSI signaling, service_type==0x02 and
stream_type=—0x1B) as in the case of a broadcast service
including a conventional HD video.

The conventional HD video receiver cannot recognize the
descriptors included in the PMT, such as the sub-stream
descriptor (UHDTV_sub_stream_descriptor ( )) and the com-
bine descriptor (WHDTV _service_combine_descriptor ( )).
Accordingly, in the case that the service is not transmitted
over the HD compatible stream, the conventional receiver
cannot recognize the channel when a new service_type is
allocated to the service.
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A receiver capable of receiving and expressing a UHD
video may combine received sub-streams and output the
UHD video. An embodiment of this receiver will be described
below.

First, the receiver determines whether a separate service or
medium needs to be additionally received to implement an
original UHD video, using the signaling information received
over a first channel (service), for example, the combine
descriptor (UHDTV _service_combine_descriptor) in the
PMT.

In the case that data to be received over a separate channel
or path exist, the receiver may obtain, from the signaling
information, connection information allowing the receiver to
receive an associated service.

To receive the associated service, the receiver uses a sepa-
rate tuner (or an Internet access module) to tune (access) a
second (or third) associated service based on the pre-acquired
connection information.

In some cases (e.g., when linked_media_sync_type indi-
cates asynchronous mode), schedules of the components of a
UHD video received over the first channel and the second and
third paths associated therewith may be different from each
other. In this case, necessary data may be stored or received in
advance using the schedule information received over each
path (channel).

Then, the sub-streams received over the first, second and
third channels (paths) are decoded. In the case that all the
sub-streams are included in one program (Program B in FIG.
6), all the necessary sub-streams received over one channel
are decoded.

In this case, the receiver may acquire information for
reconstruction of the UHD video through a sub-stream
descriptor (UHDTV_sub_stream_descriptor) allocated to
each of the sub-streams belonging to respective services.
From the acquired information, the receiver may obtain infor-
mation about, for example, the sub_video included in each
stream and a sample grid in the entire UHD video where the
sub_video is located. The location of the sample grid may be
obtained using the sub_video_grid_hor field and the
sub_video_grid_ver field.

The video merger may restore the UHD video using mul-
tiple sub-videos based on the obtained information.

FIG. 19 is a view illustrating an example of the receiver
described above according to one embodiment of the present
invention. The receiver may include a receive unit, a channel
decoder, a demultiplexer 300, a video decoder, a storage
device 500, a signaling information decoder 600, a video
merger 700, and a switch 800.

The receive unit 100 may include at least one tuner or/and
at least one Internet access module 101, 102, 103. The at least
one tuner 101 and 102 of the receive unit may receive an RF
channel to transmit a UHD video signal.

The Internet access module 103 of the receive unit may
receive an Internet signal to transmit a UHD video signal.
Herein, the UHD video signal may transmit the entire UHD
video, or may be a video signal split from the UHD video. The
video signal split from the UHD video may be video compat-
ible with an HD video or a residual signal described above.

The channel decoders 201, 202 may channel-decode a
broadcast signal tuned by the tuners 101 and 102.

The demultiplexers 300 may receive a channel-decoded
video signal and/or Internet signal and demultiplex video
signals split from the UHD video respectively. Herein, when
the demultiplexed video signals are merged, the UHD video
may be obtained. For example, the demultiplexer 300 may
demultiplex stream 0 shown in FIG. 6, or may demultiplex all
streams 0 to 3.
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The signaling information decoder 600 may decode the
signaling information transmitted over a broadcast signal or
an Internet signal. The combine descriptor and the stream
descriptor have already been exemplarily described above as
examples of the signaling information.

Each of the video decoders 401, 402, 403 and 404 may
decode the demultiplexed video using the decoded signaling
information or the signaling information in the video stream.
The decoded signaling information is illustrated in FIGS. 7,
11 and 18, and the signaling information in the video stream
is illustrated in FIGS. 15 to 17.

In the case that the decoded video signal is a video split
from the UHD video, the video merger 700 may merge the
decoded video signals and output a UHD video signal. The
receiver may include only one of a path to process an HD
compatible video (sub-video 0 of FIG. 6) and aresidual signal
(sub-video 0 (residual) of FIG. 6) and a path to process HD
videos (sub-videos 1, 2 and 3 of FIG. 6) produced simply
through subsampling of the UHD video among the illustrated
video processing paths.

In the case that the decoded video signal is an HD video
produced simply through subsampling of the UHD video or
an HD compatible video recovered using a residual signal, the
receiver may output one of the two HD videos using the
decoded signaling information.

The storage device 500 may store a video signal received
from at least one tuner or/and at least one Internet access
module 101, 102 and 103. For example, in the case that a
stream for any one of the components in Program B of FIG. 6
is first received, the storage device 500 may store the received
stream. That is, in the case that a part of the HD video streams
split from the UHD video are asynchronously transmitted, the
storage device 500 may store the video stream received first.

In the case that programs including video streams capable
of outputting a UHD video are received through multiple
sub-streams, the sub-stream stored in the storage device 500
and the sub-streams received in real time are decoded
together, the video merger 700 may merge the videos recov-
ered from the video streams to output the UHD video.

In the case that the video decoder 401 outputs data by
decoding the residual signal, the switch 800 may perform
switching operation using this data to output data to a video
decoder 402 configured to decode an HD compatible video
the decoded video or to allow the video decoder 401 to output
data produced by decoding the video obtained simply through
subsampling of the UHD video.

The video merger 700 may merge the HD videos or HD
compatible videos split from the UHD video, outputting the
UHD video.

FIG. 20 is a view illustrating a video stream transmission
method according to one embodiment of the present inven-
tion.

An HD compatible video obtained by sampling a UHD
video, an HD-size video split from the UHD video through
subsampling of the UHD video, and a sub-stream to transmit
a residual signal representing the difference between the HD
compatible video and the HD-size video are respectively
encoded (S100).

FIG. 1 illustrates an embodiment of splitting the HD com-
patible video obtained by sampling the UHD video, the HD-
size video split from the UHD video through subsampling of
the UHD video, and residual signal representing the differ-
ence between the HD compatible video and the HD-size
video.

At least one of the sub-stream of the HD compatible video
obtained by sampling the UHD video, the sub-stream of the
HD-size video split from the UHD video through subsam-
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pling of the UHD video, and the sub-stream of the residual
signal is multiplexed with the signaling information describ-
ing the same (S200). The sub_stream_ID and stream_type as
shown in FIG. 10 may be assigned to the signaling informa-
tion in the multiplexed stream.

The multiplexed sub-stream and signaling information is
transmitted (S300).

FIG. 21 is a view illustrating a video stream reception
method according to one embodiment of the present inven-
tion.

The stream containing at least one of the sub-stream of the
HD compatible video obtained by sampling the UHD video,
the sub-stream of the HD-size video split from the UHD video
through subsampling of the UHD video, and the sub-stream
of' the residual signal, and the signaling information describ-
ing the relation between the UHD video stream and the sub-
streams contained in the stream is demultiplexed (S400).
FIGS. 6 and 10 illustrate an example of a stream to transmit
sub-programs (services or channels) which can be contained
in a program (service or channel).

The stream may be transmitted over a broadcast medium or
an Internet transmission medium.

The signaling information obtained through demultiplex-
ing is decoded (S500). The signaling information is illus-
trated in FIGS. 7 and 11. Each of the HD video sub-streams
may contain the signaling information, which is illustrated in
FIGS. 15 to 17.

Using the decoded signaling information, the sub-stream
to transmit at least one of the HD compatible video and the
HD-size video is decoded (S600). When at least one sub-
stream is decoded, the UHD video stream may be expressed
using the signaling information, or only the HD video stream
may be expressed.

[Embodiments of the Present Invention|

Embodiments of the present invention are all disclosed
above.

[Industrial Applicability]

Embodiments of the present invention provide video
stream transmitting and receiving devices/methods which
allow efficient transmission and reception of an ultra high
definition video stream, and is compatible with a current
broadcast system, and thus they are available in the industry.

The invention claimed is:
1. A method for transmitting a video stream comprising the
steps of:

downsampling by an encoder an ultra high definition
(UHD) video stream to split the UHD video stream into
a sub-stream of a viewable high definition (HD) com-
patible video, a sub-stream of an HD-size video, and a
sub-stream of residual data, and encoding each of the
split sub-streams;

multiplexing by a multiplexer signaling information
describing arelation between the UHD video stream and
at least one of the sub-streams with the at least one of the
sub-streams; and

transmitting by a transmitter the at least one multiplexed
HD video sub-stream and the signaling information,

wherein the viewable HD compatible video is generated
through a process of low pass filtering and down-sam-
pling UHD video of the UHD video stream,

wherein the HD-size video is generated through a process
of sub-sampling the UHD video, and

wherein the residual data is generated by a subtractor and
represents a difference between the viewable HD com-
patible video and the HD-size video.
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2. The method according to claim 1, wherein the signaling
information comprises an identifier of the sub-stream of the
HD compatible video or the sub-stream of the HD-size video.

3. The method according to claim 1, wherein the signaling
information comprises information about a service type sup-
portable by a video signal transmitted by the sub-stream.

4. The method according to claim 3, wherein the signaling
information further comprises an identifier of a video sub-
stream associated with the sub-stream of the residual data.

5. The method according to claim 1, wherein the signaling
information comprises information about a transmission
medium for the sub-stream of the HD compatible video or the
sub-stream of the HD-size video.

6. A method for receiving a video stream comprising the
steps of:

demultiplexing by a demultiplexer a stream containing at
least one of a sub-stream of a high definition (HD) com-
patible video, a sub-stream of an HD-size video, and a
sub-stream of residual data, and signaling information
describing a relation between a stream of a UHD video
and at least one of the sub-streams, the sub-streams
being obtained by downsampling the UHD video;

decoding by a signaling information decoder the demulti-
plexed signaling information; and

decoding by a video decoder the demultiplexed sub-stream
of the HD compatible video or the demultiplexed sub-
stream of the HD-size video using the decoded signaling
information,

wherein the HD compatible video is generated through a
process of low pass filtering and down-sampling the
UHD video,

wherein the HD-size video is generated through a process
of sub-sampling the UHD video, and

wherein the residual data is generated by a subtractor and
represents a difference between the HD compatible
video and the HD-size video.

7. The method according to claim 6, wherein the signaling
information comprises a descriptor to describe the sub-stream
of'the HD compatible video or the sub-stream of the HD-size
video.

8. The method according to claim 7, wherein the descriptor
comprises information about the downsampling.

9. The method according to claim 6, wherein the signaling
information comprises a descriptor to describe the relation
between the stream of the UHD video and the at least one of
the sub-streams.

10. The method according to claim 9, wherein the descrip-
tor comprises service type information about the stream of the
UHD video and the at least one of the sub-streams.

11. An apparatus for transmitting a video stream compris-
ing:

an encoder to downsample an ultra high definition (UHD)
video stream to split the UHD video stream into a sub-
stream of a viewable high definition (HD) compatible
video, a sub-stream of an HD-size video, and a sub-
stream of residual data, and to encode each of the split
sub-streams;

a multiplexer to multiplex signaling information describ-
ing a relation between the UHD video stream and at least
one of the sub-streams with the at least one of the sub-
streams; and
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a transmitter to transmit the at least one multiplexed HD
video sub-stream and the signaling information,

wherein the viewable HD compatible video is generated
through a process of low pass filtering and down-sam-
pling UHD video of the UHD video stream,

wherein the HD-size video is generated through a process

of sub-sampling the UHD video, and

wherein the residual data is generated by a subtractor and

represents a difference between the viewable HD com-
patible video and the HD-size video.

12. The apparatus according to claim 11, wherein the sig-
naling information comprises a descriptor to describe the
sub-stream of the HD compatible video or the sub-stream of
the HD-size video.

13. The apparatus according to claim 12, wherein the
descriptor comprises information about the downsampling.

14. The apparatus according to claim 11, wherein the sig-
naling information comprises a descriptor to describe the
relation between the UHD video stream and the at least one of
the sub-streams.

15. The apparatus according to claim 14, wherein the
descriptor comprises service type information about the UHD
video stream and the at least one of the sub-streams.

16. An apparatus for receiving a video stream comprising:

a demultiplexer to demultiplex a stream containing at least

one of a sub-stream of a high definition (HD) compatible
video, a sub-stream of an HD-size video, and a sub-
stream of residual data, and signaling information
describing a relation between a stream of a UHD video
and at least one of the sub-streams, the sub-streams
being obtained by downsampling the UHD video;

a signaling information decoder to decode the demulti-

plexed signaling information; and

avideo decoder to decode the demultiplexed sub-stream of

the HD compatible video or the demultiplexed sub-
stream of the HD-size video using the decoded signaling
information,

wherein the HD compatible video is generated through a

process of low pass filtering and down-sampling the
UHD video,

wherein the HD-size video is generated through a process

of sub-sampling the UHD video, and

wherein the residual data is generated by a subtractor and

represents a difference between the HD compatible
video and the HD-size video.

17. The apparatus according to claim 16, wherein the sig-
naling information comprises an identifier of the sub-stream
of'the HD compatible video or the sub-stream of the HD-size
video.

18. The apparatus according to claim 16, wherein the sig-
naling information comprises information about a service
type supportable by a video signal transmitted by the sub-
stream.

19. The apparatus according to claim 16, wherein the sig-
naling information further comprises an identifier of a video
sub-stream associated with the sub-stream of the residual
data.

20. The apparatus according to claim 16, wherein the sig-
naling information comprises information about a transmis-
sion medium for the sub-stream of the HD compatible video
or the sub-stream of the HD-size video.
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